Bacteria are able to induce carbonate precipitation although the participation of 27 microbial or chemical processes in speleothem formation remains a matter of debate. In 28 this study, the origin of carbonate depositions such as moonmilk, an unconsolidated 29 microcrystalline formation with high water content, and the consolidation of carbonate 30 precipitates into hard speleothems were analyzed. The utilized methods included 31 measurements of the composition of stable isotopes in these precipitates, fluorimetric 32 determinations of RNA/DNA ratios and respirometric estimations in Altamira Cave. 33
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Introduction 46 47 Although the role of bacteria in most biogeochemical cycles is critical for the 48 functioning of natural systems (Whitman et al., 1998; Madigan et al., 2003) , the 49 importance of chemical versus biological processes is often poorly understood. One 50 example is the formation of carbonate precipitates in caves. While recently 51 geomicrobiologists are proposing a critical role for microorganisms, either bacteria or 52 fungi (Verecchia and Verecchia, 1994; Cañaveras et al., 2001) , other scientists attribute 53 the speleothems formation to abiotic geochemical processes (Hill and Forti, 1997; 54 Ehrlich, 1998; Borsato et al., 2000) . Independently of its origin, carbonate precipitation 55 in underground systems constitutes an important factor shaping karsts systems. This study aims to estimate the role of microbiological processes on calcium carbonate 98 deposition leading to speleothem formation in caves. The origin of calcitic speleothems 99 was analyzed by microscopy, petrochemical analysis and isotope analysis, and the role 100 and fate of bacteria was studied through RNA and DNA quantification and 101 nanorespirometry with the objective of solving the current controversy on the chemical 102 versus microbiological processes leading to speleothem formation. 103
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The cave length is 270 m. The thickness of the cover (host-rock and soil) in most of the 120 galleries varies between 4 and 10 m (see Fig. 1 the significance of the difference between the RNA/DNA ratios were carried out using 195 single classification ANOVA as described by Sokal and Rohlf (1995) . Results 220 221 Moonmilk and other carbonate deposits from Altamira Cave collected at different points 222 in the cave (Fig. 1) were analyzed by X-ray diffraction and showed values above 90% 223 calcite (Table 1) The results showed that bacterial respiratory activity in calcite deposits was much lower 258 (P<0.001) than in samples lacking carbonate precipitates (Fig. 5 ). On average, the slope 259 of oxygen concentration during the nanorespirometric experiments in calcitic deposits 260 (average slope ± standard deviation: -0.0101 ± 0.0003 µM O 2 g -1 sample) only 261 represented 9.0% of the slope determined in samples lacking carbonate deposits 262 (average slope ± standard deviation: -0.1118 ± 0.0030 µM O 2 g -1 sample). perspectives. The abiotic precipitation of calcium carbonate has been suggested as 361 requiring an initial step for a nucleation site to be formed (Pentecost and Bauld, 1988; 362 Phoenix and Konhauser 2008). Although the term nucleation site is a relatively 363 ambiguous expression, the fact appears to be that a microbial initiation step is required 364 and originates moonmilk formations. In these initial accumulations, carbonate fibers 365 continue to deposit through a microbially-induced process. As the amount of carbonate 366 increases, microbial metabolism starts to be inhibited. At that time, the conditions that 367 favor carbonate crystal deposition have been generated and speleothem growth can 368 continue abiotically in the absence of further participation, or with minimal 369 contribution, of microbial activity. 370
371
The isotopic signature of moonmilk is consistent with microbial activity and implies 372 that microorganisms participate actively in the formation of carbonate precipitates. 
